Brain metastasis is the most common type of brain tumor. The present study is an investigation of prognostic factors for survival in patients with brain metastasis.
Introduction
Metastatic brain tumors are seen more often than primary brain tumors in cancer cases, and the rate of brain involvement ranges between 20% and 40% in cases of malignancy. [1] [2] [3] [4] [5] The brain is most commonly invaded in patients with lung or breast cancer, which account for 50% and 15-20% of metastatic brain tumors, respectively. Survival remains poor in patients with brain metastasis, and various prognostic scales can be used to make decisions about treatment. [6] [7] [8] [9] However, the optimal treatment of brain metastasis is a matter of debate, and many factors can affect the outcome, with each treatment modality having both risks and benefits. [10] Whole-brain irradiation, surgery, and radiosurgery are common modalities for the treatment of brain tumors, and each are recommended by several
Results
For this study, we investigated a total of 277 patients who presented at our clinic with brain metastasis, including 176 (64%) males and 101 (36%) females. The median age of the patients was 59 years old (18-81 years old). The patients were investigated in two groups, those 50 years old or older (220 patients, 79%) and those younger than 50 years old (57 patients, 21%).
The primary diagnoses of the patients were: 162 cases of lung cancer (58%), 57 cases of breast cancer (21%), 17 cases of gastrointestinal system cancer (6%), 14 cancer patients with unidentified primary sites (5%), 12 cases of genitourinary system cancer (4%), 8 cases of gynecological cancer (3%), and 7 cases of other types of cancer (3%).
All of the patients had undergone total cranial irradiation, in which three-dimensional conformal radiotherapy was applied using a Varian DHX Eclipse planning system. The radiotherapy was applied at a dose of 3000 cGy, with 300 cGy/day for the total cranial area. Other treatments were also applied for the brain metastasis, with 30 patients (11%) having undergone metastasectomies. A second series of irradiation was required in 21 patients (8%), due to progression, and cranial conformal radiotherapy was applied as the second serial irradiation. This protocol was conducted at a total of 2000 cGy, with 200 cGy/day for the cranial area. Stereotactic radiosurgery (SRS) was not applied in any of the patients.
Overall, the median survival was determined to be 3 months (1-98 months), the mean duration of survival was 7.6±0.68 months, and the median value of the time to metastasis was 11 months (1-119 months).
Based on the univariate analysis, the prognostic factors which affected survival included the site of the primary disease (breast cancer, p=0.035), age of the patient (<50 years old vs ≥50 years old, p=0.033), performance status of the patient (p=0.005), history of metastasectomy (p=0.006), and time for the development of metastasis (p=0.055). However, the gender, comorbidity, metastasis at diagnosis, and second series of radiotherapy (RT) were not determined to affect survival (p>0.05). Table 1 shows the prognostic factors that affect survival. In addition, the survival curves with regard to primary disease are demonstrated in Figure 1 , with regard to the ECOG performance status in Figure  2 , and with regard to the application of metastasectomy in Figure 3 .
Those independent prognostic factors which positively affect survival were found to be: a favorable guidelines. [11] [12] [13] Overall, local control of the primary disease, and the number, site, and size of the metastasis in the brain must be taken into consideration in the prognostic and therapeutic approaches.
Although current advances in visualization techniques have, in parallel, led to earlier diagnoses and better local treatments of cancer, patient survival is still an important problem. However, the quality of life and survival of the patients have improved, to some extent, with improvements in oncological treatments. [14] In this study, we investigated the clinical and demographic prognostic factors that affect the survival of cancer patients with brain metastasis. In addition, we aimed to identify any possible independent predictors related to overall survival.
Materials and Methods
For this research, we retrospectively investigated the data of 285 patients with brain metastasis who had been treated in the Radiation Oncology Clinic in the School of Medicine at Cumhuriyet University between 2006 and 2014. The demographic, clinical, and histopathological data of the patients, including the age, gender, metastasis, comorbidity, Eastern Cooperative Oncology Group (ECOG) performance status, metastatic organ, second series of irradiation, and history of metastasectomy, were obtained from the patient files and hospital records. Telephone calls were made to determine if the patients were still alive, and these data were also recorded. A total of 8 patients were excluded from the study; of these, 7 had multiple metastases and uncontrolled extracranial metastases, while one had no available data. The performance status was evaluated using the ECOG scoring system.
The statistical analysis was performed using the SPSS statistical software (version 15.0), and the rate of survival was calculated using the Kaplan-Meier analysis. The duration of overall survival covered the time from the date of the diagnosis of brain metastasis until death or the date of the last control. Moreover, a multivariate analysis (Cox Regression Analysis) was performed to evaluate the independent factors that affect survival. Those variables found to be significant in the univariate analysis were evaluated using the multivariate analysis, and a p value of less than 0.05 was considered to be statistically significant. Consent from the Cumhuriyet University School of Medicine Ethical Committee was received prior to the study, with regard to collecting, evaluating, analyzing, and interpreting the data. ECOG performance status (HR=1.40, 95% CI=1.07-1.85; p=0.015), the application of metastasectomy (HR=0.54, 95% CI=0.33-0.89; p=0.017), and time to metastasis of greater than 18 months (HR=0.72, 95% CI=0.52-0.99; p=0.047). The independent prognostic factors, as determined via the multivariate analysis, are illustrated in Table 2 .
Discussion
In this retrospective study, we investigated the prognostic factors that affect survival in patients with solid tumors and brain metastasis. In these cases, there is often a poor prognosis and low survival rate if the patient is not treated. [15] Certain important prognostic factors can be used to assess the therapeutic approach towards patients with brain metastasis. In three studies conducted by the Radiation Therapy Oncology Group (RTOG), a total of 1.200 patients were analyzed to determine the prognostic factors in brain metastasis, by evaluating whole brain radiotherapy with different fraction-dose schedules. In this analysis, the age, performance status, control of the primary tumor, and presence or absence of extracranial metastasis were determined to be important prognostic factors. As a result of the analysis, RPA class III, with a median value of 2.3 months. The median value of survival was 4.2 months in RPA class II. [16] In a retrospective study by Nieder et al., including those patients younger than 50 years old with brain metastasis, the prognostic factors that affected survival were the performance status, number of metastases in the brain, presence of extracranial metastasis, gender, and primary disease of the breast.
[18] In the same study, the time to metastasis was found to be another factor that affected survival in those patients over 50 years old [18] . In the present study, the survival rate was found to be statistically significantly better in patients younger than 50 years old (7 months vs 3 months). The Eastern Cooperative Oncology Group (ECOG) performance status is used widely in oncology to assess a patient's state of performance. This performance status has been reported in the literature as an efficient and preferable prognostic factor for metastatic tumors. [19] In our study, we determined that those patients with ECOGs from 0-1 were 1.4-fold more likely to survive than those with ECOGs from 2-4. However, the presence of extracranial metastasis was not found to be statistically significant with regard to survival.
Some studies have reported that the site of the primary tumor is another important prognostic factor that affects overall survival. [18, 20] In some of these studies, the rates of survival were reported to be higher in those patients with breast cancer, when compared to other types of cancer. [18, 20, 21] The best survival was found in RPA class I, with a median value of 7.1 months, while the worst was in In the same study, survival was also found to be better in those patients with primary breast cancer who were over 50 years old. However the diagnosis of primary breast cancer was not found to be significant in either age group in the multivariate analysis. Similarly, we determined that the values of median survival were 7 months in patients with breast cancer and brain metastasis, 3 months in lung cancer with brain metastasis, 3 months in brain metastasis with an unidentified primary site, and 2 months in the other metastatic cancer types. Additional studies in the literature have reported that the time from the initial diagnosis to brain metastasis is closely related with the prognosis. [22] Duransoy et al. evaluated the prognostic factors following metastasectomy in 62 patients with brain metastasis, and although it was not statistically significant, better survival was reported in the patients with times to metastasis longer than 12 months (10 months vs 6 months). [22] Nieder et al. found the rate of survival to be significantly higher in patients over 50 years old who developed brain metastasis over a period longer than 12 months. [18] In the present study, a survival advantage was present in those patients who developed brain metastasis over periods longer than 18 months. However, the group with the 12-month stratification did not show a survival advantage.
Metastasectomy is another factor which determines a patient's prognosis, and the duration of survival has been reported to be quite long in those patients that underwent metastasectomies. [23, 24] Moreover, those cases undergoing surgical treatment had longer durations of survival, which was statistically significant. Early randomized studies have demonstrated that patients with solitary brain metastasis benefit from aggressive local therapy. [25] [26] [27] In a serial study by Ferrara et al. that included 100 patients with solitary brain metastasis, the total duration of survival following metastasectomy was found to be 10.2 months. [28] Duransoy et al. have reported the total duration of survival as 9 months, and the median duration of survival as 6 months in 62 patients who underwent metastasectomy. In our study, the median survival time was 12 months in those patients with histories of metastasectomies, but it was 3 months in those who could not undergo metastasectomies. This result suggests that metastasectomy is an independent prognostic factor in patients with brain metastasis. [22] The application of whole brain irradiation following surgical intervention is still a matter of debate; however, all of our patients underwent cranial radiotherapy following surgery, so we could not make an interpretation of this issue. In the study by Duransoy et al., the duration of survival was 13 months in those patients undergoing post-operative RT, but it was 5 months in those patients who did not undergo post-operative RT (p<0.001). Therefore, we believe that the application of cranial radiotherapy following surgery is a better approach.
Conclusion
This study revealed that the time to metastasis, history of metastasectomy, and ECOG performance status are factors that affect survival in patients with brain metastasis. However, one must keep in mind that the treatment of brain metastasis must be considered more 
